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Jg t ZAUN'S G a N»fb*«MN»f*a{r«j» &S**»b 
S&S2iOInx Aly Gai-x-y N (Ux5y^ 
Ini Gai-x N (l>z>0) 

I nu Alv Gai- u -v N (1>uSvS0, l>u + 10 
v>0) frto&Zt^-y 

4>&< I nfflJBftx&tf A 1 ffi^y(7)0-rtl3!}><7Mt^ 
Si&5 21(Z)Ini Aly Gai-x-y N (lSxSyS 
0 , Ux + ySO) OJi^StaiSStlfe^ft^* 

I nz Gam N (l>z>0) KJf<h> 20 

DM99 3 3 WS&M KJf fck I riffle z <z>ti#£fc 
l.2i(7)Iii z Gai-j N (l>z£0) 0>/f #3£ElC 

msm i, 2ot 1 ofctsito^^u— >f» 

So 

£ Sr^ti'G a N^fb£4£**{*^<i &S¥Sf*b— US 30 

I nx Gai-x N (l>x>0) ipt>&&t£&M±* 
In, Gai-y N (l>y>CK x>y) fr<o&&fi'{ 

tmw? v vmtamKZixZtift&r&A l z G a 

i-z N (1>zS0) #«b*5fiHB*ffi»£, 
W*S 5 ] >J>% < t hfmm tiUVmtf^v K 

Mtz&mir&Geim{tGmmfcfr%&&*m.#i' 40 

I n x Gai-x N (l>x>0) £fc 
liln, Gai-y N (l>x>yS0) *»«b**^ K 
«0)^-fi!l(d!Kfi U AllMz OMtmk & 2 A 1 
z Gai-z N (l>z>0) a^&S#*^#F8li£0> 

mmmtmt, 

nu Alv Gai-u-vN (Uu, v^O, l^u + v 
SO) KJf£* 



[000 1] 
[0 0 0 2] 

CflaETOftlH iS*£* GaN, I nx Gai-x N, Al 
x Gai-x N (OSx^l) > InxAly Gai-x-y 
N (0^x, ygl, Ogx + ygl) #CDGaN3vfb 

GaN^LD {Laser Diode). fclSIW*. # 

[0003] GaN^LDit SaWtCti^jRJHbtC* 

y tr-AS&tsssi t#«Jirefc y » mziom 
* v M&asi&s ^lkA/cm 2 egbc-t s z. t #-e* 

?\ ly-ifft<7)i£»i5 (isGFF F P ; Far Fiel 

d Pattern h.W^ti>) tf£W±&^-ffz&>, JIStfHb 
iz JL&o \£-2x^am^tPf»im^^tL a Z\(Dfr&>, 
G * v MmMm&tf'bZ < ^oKjfF^Etfffiv \ 3fc7V 
XtRXMtL "C$fii& G a L D » 3*1 * ^ tl 

[0 0 0 4] ICT"FFPt(i, U— tf5fe£7)MP§i5^'b 

%> a -mzhD<7rft\±-Mts ffi£MlZftLXmW.l5fa 

T*±Tizfctf y Wfesrot*, tr- AS*|/h<7) s 

[0005] g^feCDGaN^LDcDFFP^G-i>#il* 

14(7)^-^^1119^1-0 Hw^wett, tmmizmw. 
xz<»Mttfaiz¥ft%:mftiztstfz> \£-j±o)ngi. m 

[0 0 0 6] GaN^LD<7)FFP^#W4*^iT16 
U-if^tf/aWSre- K (anti-index guided mo 
de) lZ&Vftt>tlZ>r=.tbt3§iLl>1X2> e 

[RiCJE^y, FFP^#lI*f4C4^I|^ : fe09. 
[0 0 0 7] -f S^GaN^LD«|ji(CfcO 
InGaNgtf©iS«f^ni, *<7>±TtC»SS 
tSGaN^Y K*(Z)JB#f**n2 > JKJEGaN^K 

mnmifr^Tizmm-fZA 1 g a n ^ ^ >y k/b<dib 



(3) 

3 

#f$£n3 tt&t&, ni >n 2 > n:j tff&V j£o<7) 
X\ V-*fmt\%h o tbmVrmo)M a n G a Nfgf± 
MlZfe-ofcMfxW^&FE— K (index guided modeMCJ: 

y eeo r f f p«>iia^^*JMoiWK:{i**Mt 

[0 0 0 8] b^U GaN^L DXii^ ?£t£*C8?i 

GaN^-v vmomwh , 2 ib iz±Tiamb x^f 
tic&€U4H-tn«4^*^. aT, «$jSM-r& io 

^ £: £ K— ^ i^n£*i£W^£ V-Ay h tW&Z 

[0 0 0 9] GkfcWGaN&LD-eteu fi&tMk.ii'i K 

eff (ni s n2 , n3 tfm£&Ji(DW-£X&:iLZ>¥-&) 
Iftftmffim) rtk £tt£&OG aN3>^ S /f <7)S#r 
^n 4 J:y*j/jNSOfc«!)GaN3>^^ h^^*L» 

or, ffp(C3>^^ hm<Djtfflu&mzttfc?z\d 

->7££b, H*^-K(Cd;^FFP(7)#W4&*;fe 20 

[0 0 10] IlOtt, «©GaNiLD«f|> 
#/f«i£{Co^T, |gBJ#^f7ofcGaN3>^^ h/f 
^\<7)7fe(Z) b atB b *Wmt& 3 > tf - 9 is 5 a. V - is 

[ooii] BkraKttti, LDoymnffiZft-fmrnmco 

1f:?£CDffi*f3&g GI^NFP; Near Field Pattern h.Uf 
S) X&Z>o IfflKiffi&m^WlSlltttlZtia 

[0 0 12] i/5al/-i/3>tt n-GaN3>^ 
h/125, n-AlGaN^7 i yKl26, n-GaN 
# >f KJf 2 7 , I n G a N(Z)#i^P (ITFMQW; 
Multi-Quantum Well i:S§#-r -5) ^fjaOfSf&l 2 8, p 
-GaN*VKI2 9, p-Al GaN>?77K13 
0, p* -GaN3>W SJ13 1, p«@3 2j^<b& 

Off 3 #l&J<Z)ffi« £ jjVfffiSHffc S. 
[00 13] 01 OiC^-T^oC TtCO— ?H5iip + -G 40 

S. *fciP^n-GaN3>**h» 2 5 

\m.o>yt(nbfri£L &£b-a \&z.£tfit>tp&. 

[0 0 14] H 1 1 ti|§j-^T-5fc#)fct£#tf)G a 
L D(7)F FPffeS. H(7)^ittttb-+f : 7t<7)tf-A(7)ft 

mx&Zo -l 5Sj:y£ft!itc*i3n-5*3fiao>SLh*< 

01 O-e^fcp* -GaN3>5!^hi3lA 

«i«rMf— IHn-GaN3>^^ bS2 5s\<7>ft 
Lfrt£L<<Z&&lb(7>b.3%7L<bft&, 50 
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[0 0 15] _hfBtf)^5 al/-i/3>CJ;y, $5fc<7)G 
aNlL D(7)F F POlUfex-^tC^^tlS^fctf-AO 
f£#»J t£m&tl*, ^-ftibGa.Nay$"7 h!92 5 

1 3 1 ^o>jmv^\z&hz.ti*mmi<z& ynB«b# 

[00 16] £<7Xfco£, gHJft^E-Ktc<fc*b— tfft 
T'tt F F P ##*H£ & ijVf « »J T? ft < x K- >\y V Wk 

b -VitcniZtf y tc<k y , gttwco^ t 
r aw> b . c75as x v—w&tfl) b * v mnffi. 

fflK*fift<&5. ftoT, V£M(DG aN^L DXHG a 
Nn:/^ N^/\(7)3tO i btt^^t"S^, A 1 Ga 
W5v KJ10>A1 <bT 113 */h^<-r-g> 

a\ xttAi GaN^^f vm*w-<irz>m<Dimtft 

ay^=L-^i/S.=LU~iy 3 y(7M^mi 2MB1 

3 tc^-r„ 

[0 0 17] 01 2ttaa50>GaN*LDtCOVVOR*?> 
fcAlGaN95f K12 6, 3 0<7)A 1 Mf&tmZlZ 

Mth is— wm^^^^wrnmt^^tis 

-is 3 ym$kX& ho KGttttA 1 GaN^5'V KS(7)ff 
WmtA lGaN^7f KSCDA 1 ffij*^**. # 
ft^(7)^5 ^ - (4 b-tPIB'cCO L * I n^W^^S J (7) 
tt^fCt^, SI<fcU, AlGaN^7^KI«)?^ 

A 1 GaN^77-V h*mOjAlMZsX%<-?&mis&^ 

[0 0 18] «(7)GaN^LD(;oor^feAl G 
aN^/7>yKI2 6, 3 0StfGaN^KI2 7 > 2 

9 c7)ip£ tc*f-r s if mtni; & i> mwM.mmcomt 

%mi 3 tC/Tc-To 0=t y ❖ v y Fm&&1M k»©# ^? 

^{K^tt^^^r & L S ir t{0l£f&Sft&<EHl 

i>Zli:^t)^-g>. 
[0 0 19] 012, 01 3 tfc^T, ^ftbt^tl-g) 

%> b * t ^fiWJEffiS J Wffi^: lkA/cm 2 VXTtirh 

[0 0 2 0] AlGaNfCautttGaNIJ: 
'J %i^CWPtiba«t A l G a N ^ 5 V YMOj* 

*r>jT®mzm<i-&ztimmx&v. a 1 GaN^ 

5*; K»*i¥<"rtitf^9y h'MomirmxDtctbls- 
VWtWtM&tEiXX < ft-So A 1 G a N tffecT) 

G a N*#A <h OM&mfftimfr <o* AlGaNiW 
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mLfzGa.N£LD%mm-tZ>fzmz&, A 1 G aN-7 
9<5/ K*<0»dtt>»;3tclSBU A 1 «*fciWirr<&#X 

Cr>jtcfflO&Sb5M$:ft±£-l±Z>Z£ tmg X&-?fz, 
[0 0 2 2] U^U-^(Cfc^T> Alfflj&ZigMLV 

ffi#i*<&»K AlGaNiitoGaNiili: 
[0 0 2 3] 

GaN^LD Cfck I n G a NJStM<D-tTK:B8g"*"& 
GaN^ Kit3(7)GaN*V KJf 

COH5^JSiff^<7M*^, £ h \ZW&A lGaN^5*;KI 20 

f f p if%m& z^-tt mmzm&m&tfmu 
u lot, L&*mfttmm*m<&&£^t>fBimw 

[0 0 2 4] e^5fe(7)GaN^LDiC(i, V'yy K 

I©A 1 ^ *^S<L/TAlGaN^7^ KH 

[0 0 2 5] *HHJtt_hsB(7)F n m^4^'r^<4^ti 

l tdmrnmo) g a l d £js&-r s £ t £ g w t -r 

'ho 
[0 0 2 6] 

Bfck Jfcfe < £ fefett* £;tf>f FJ§£$^y m £ * A 
G a N^fb^¥»»^«b*S b— tf^SlCfct \ 
X, &&<£1bl nfflf&xRtfAlim.ym^irtlfr(D 40 
{fi^ft-5 2M(Z)I nx Aly Gai-x-y N (lSxS 
ySO, lSx + ySO) C7)M^^SlC^®$nfe#* 
WF«iil&*-r-5fi&1±»t, In, Gai-z N (1> 
z>0) rt^fc&tf^ KJBfc, In. Alv Gai-u-v 
N (1>uSvS0, l>u + v>0) frhl&hQ'JV 

[0 0 2 7] *3ffiBa>*««:l/— Wan*, 
< h& I nMxMA 1 »Sy©^ftrtr<z>M#J*>& 
l>2i(7)Inx Aly Gai-x-y N (l^x^y^O, 
lgx + ySO) (7>«3W8S:C«WStifc** : f*F* 50 



i£-&*1-£St£Jf In 7 .Gai- 2 N (l>z>0) 
■frhte&KA YM£. GaNM4'S^77 K»fc*a 

[002 8] jff * U < temjfB^V KS«U InlMz© 
fi^&S2H(7)I nz Gai-i N (I>z2s0) OM 

mm£-t&« 

[0 0 2 9] £fc> *HW«>**t*:l/— »fgfili, fete 

fb£4£#*M*:#<3 I/— IfSHUCfeV In, G a 
i-x N (l>x>0) A^4^fii4it, In, Ga 
i- y N (l>y>0, x>y) K»t» HU 

VJvVm^mtttLZtlft&t&Alz Gai-z N 

[0030] *^©#t*u- <fmm&. 

< £ btmm £ -)i4Ym£>J^ v K« i: feJUTt SGa 
N*{fc£fe¥^j^&v5U-^B£i3irVC In, 
Gai-x N (l>x>0) frtbte&imm, £fc«:In 
y Gai-y N (l>x>y^0) 
»C(^L, AlfflJ$.zOMtfim&&2m<nAlz Ga 
i-z N (l>z&0) fr%t£&£M?#F i ffi&<Dm£& 

t^Inu Alv Gai-.-v N (Uu, vSO, lg 
u + v^O) fr<o&&9 l ?'v}tm£&'&ttz.b.*timk. 

[0 0 3 1] 

mmm^h g a ni^ l D^aiffiS&^Ei-e* 

•60 HI 1 (3tGaN^L Dii^ T 4 1 CO± 
©GaN;^*/77i2 il, n + -GaNn>?^M3 
n-GaNf5vKi4t, n — I nGaNCOMQ 
W#-f K» 5 I n A 1 G a NWMQWgfti 6 
p-I nGaNCOMQWijV KJf7<h, p-GaN^5 
7hl8i:, p + -GaNn>^ bM9 £, ^(D±\Z 

[00 3 2] ^^fCp + -GaNn>^M9Hn 
+ -GaNny^^MSWilt^^WCx^f^ 
StHU^n + -GaNn>^-7 hg3(7)^ffi(Cn 
1jWjSS*V2>. 4*33, GaN^y7Tl2(l 

^7r-f 1 (7)±tcj«sf s g a N&^mwmoM 

£h l &Z?m?Z>Z\£ik®&)£LX^Z>. 

[0 0 3 3] Z.Z\XnMO)F-AybteSi, pI©K 
-A>MiMgT-&U> n + , p + (i^*l^tt(7)M(7)K 

n A 1 GaN©MQW©iI(l *tl€tlA> K^r-V-y 
^^^^-(TMI^SotC^ftSl?^ 2 0 nmaf©2 



7 



(5) 



8 



H(7)InAlGaNlHft6. &*fc\ I m Aly 
Gai-x-y N (lSxSySO, lSx + y^O) COK 
> K=Sr-V V :?X*;l/¥-tt, I nfMx 5Lf£A 1 MiS 

y, XliMx, ytf>ft£#fcg!ffc£-&5££(cj:y, 
S^{cS&Sfflt-rS^t^*6. £(Z)i:&, Inl 

1 0 0 nmETF<Z>»t »#Hf *»«9&6S QW« 

[0 0 3 4] &tffllO>iMltm5* 7tt, *tl?tW) 10 
j?£#2 0 nm£JLTC02^1C0I n z Gai-z N (OS 
z < 1) »*3SlcaWLTMQW«ig0^>r K»fc# 

[0 0 3 5] I nGaN^V KS^MQW«iii:-rn 

fi*JE£R-rSit^§Si:!&-5. 3<7)i:S\ InGaN 
(7)MQWJl&CMg ifefettS i #(7) K-A> h ft^S3 K— 20 

tr>^i-ti«x i^mffiftfmtsiiT^ < tc*^T?& 

[0 0 3 6] EIHCSrfJ:?^ ^VKlSrlnGaN 

Al GaN^5 v > &S#iW&£o 

BI1 ^-fcfcot I nAl GaNE§t£JI6i:*0>_k 

iLDtfeUT, In«#fcAl»«£**SiffrrS3 30 

WMtBWS G "CAMS tlS GaN3>**h mmJffifm 
n 4 cfcy&T^OGaN&LDftll^-rs 

So 

[0 0 3 7] ^l(7)^J|<7)^{i(7)GaN^LD-C-(d:> 6£ 
*TOA1 GaN^7^ RJfCDftbytCGaN^y Wf 
4, 8tfm^tl&fcib, *CD^»C^ibtCGaNn> 
*£h»3, 9^mS^tlT=b, I/— ffJBfettl nGa 

K-^M(7)^^^GaNny^^ hm^(DJt(DLfrf£L 

t&i&W GaN3>## hmiz&ft&itm 

G&&4^tf 6£fe7)G a N* L D J: »J t«'>t5. 

[0038] ei 2 te&m i (rmmmWi^i, g a 

n A 1 G a J&SMQWgttJfCDA 1 

*, t4**> I n G a NWMQWgtti^ffll i^fC 

WS14/i<7)A 1 jffijsK«Ctt« t 4ffiS£?? A 1 ££tf 



[0 0 3 9] Al GaN^77 KJSfefflOfcEU 1 VLm 
tt£*CDGaN&LD<7)FFPtCitAT, GaNn>^ 

[0040] III 1 ItZfri-fM 1 <7)HJg(7)0!Sg<7)G a L 
D(4, fcK^J4 2 0 nmtCfe^'C^ia-SSKa&fP GttSft 

nit&c^&ujfF) g, -erousmffliaasflEtti kA/ 

cm 2 £HT^*y, 1f#§7G<Z>F F P(4E12 (7) 

[004 1] fcCH 3 % *fgBj?GDlg 2 oygl&D 

$miZ&& GaNlLD tCOl, *TlH9rr -6. EI 3 {Cfet \ 
(3 1 ©GaN^L D <h#^£^HCfi|^-<7)#B8 
tf^lG^. (OTE14, EJ6, EI7tfc^TI^ 
G) . 

[0042] EffltCfeOTli, InAlGaNgtti6 
<7>±TfC I n G a N£7)MQWAV bJf 5 , 7 #|S$gGT 
«rVfc#, ^©InGaNWMQW^Mtt, H3lC^ 
T «fc o (C I n A 1 G a NSffil 6 <Z>tt«<Z>*MCBH£U T 
OttilU. H3tr{41 nAl GaN©MQW&ttf6 
i:n-GaN^7"7 K/B4 £:0)|BHCn — I nGaNCOM 
QW*V KJf 5 ftt^ttfe^tf^StlT^S. 

[0 0 4 3] fta£^fccfce>^ &ftf£<7)&#& I n G 

ip&mzto&ifi* in Ki^MQWMtttid Sf 

[0 0 4 4] Z.O>£oKI nAl G a NSttM 6 COitM 
CO^tC^G T I n G a N<DMQW;tf -Y KS -feKWfcti 
-g-tcti. EI 2 ICJt^T F F P<ZSMfcS' : «r3& w f» J f > **fl*fc 
&y, SttSfCj;^f'Jf# ; b^^ST1--5^ neff «> 

ft ft JBWk-rnjiH 2 1 naucffiv ^ g * i ^is^g t 
ftftfcsawstfez) f f p ft - 1 -i>c 
[0045] m i > m 2 ammniimrtoyvt* o c 

SB^CDAl GaN^7*7 K»<7>fttoy£GaNd7^y K 
• *rfflV^tl«FFPfe**Wb+SCli:««-e*S. 
A 1 GaN^7>v Kftfflt ^4n■j'^^«, i±^&^£f7i(7)ffii * 
AlGaN^7-y KJf(Cj:5«£0JtT^G*<&Sfc 
ftU-^llJWoM&fWEXJHEItL, g^AlG 

[0 0 4 6] Ej4tt, *mi(DWi3<DmM<7)mmizm2> 

GaN^LDOifrffi^iift^1-EI-efe§o H4t5%1-G 
aN*LD(i -t^7-l"7ffi£l(7)_BC, GaN^y7 
7i2t, n + -GaN3V3i^M3i: ( n-InA 
lGaN^5f Kf 12t, n-I nGaNWMQWif 
YKJi5i:. I nAl GaNC7)MQWSt£^6h> p- 
I nGaNCOM QWt^'Y KM 7 t, p-InAlGaN 
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<7)±^(cffM^ ntz p «s i o t tm> & S„ 

[004 7] £<5fC> p + -GaN3>^^M9H 

y?L, flftbfcn* -GaN3>i?^ hJf 3(7)S«C 
n1:@l l/WM£tlSo 

[0 0 4 8] z.z-?mi tmmn%i(DF-rtyb&s 

i, pl0K-;^MiMgt"l)|). £fcInAlGa 
N(7)MQW?gf&l 6 li, 2 0 n m£lTO>m&cr>W£ 
S 2 S^CD InAlGaNI ZttlzmM U £MQW«t 

it» xmmitmmit o jz.{&h<, ^ <z> s qw 

#KS*^ftS*>a>-e*y, InGaNWMQW^Ki 
5 , 714, ISlOOn m£TF<Z)*&«0)R&£ 2 S(7) I 
n GaNl =&^5lC«S L fcMQWKBtfr &S=b<7)T? 

<feSo 

[0 0 4 9] ^KI5, 7&I nGaNroMQWtt 

BMX*0)y<fc£ o C, I n G a NifgJi £f#S 3 <h 

T&HUt ^ £ftfcMQW|i»£*?U«IM^;*«K: 

Scssn* sticks. 

[0050] HI 4 tC jjVfSS 3 <7) jlSScDff^tCfcV ^T(t 
13£In u Alv Gai-u-v N (1 
>uSv>0, l>u + v>0) (D&ote&yittj&fok. 
U I n£iJ#utfAl*Ij$v£y&*£^/ii:t-S3i: 

[0051] z(D£oizm2comm<mm'e&. imm 

ht^v YMiL^l n»«Al»U^lM nA 
lGaNi:U 7^c\ KJf£ I nG aNCDMQWi; 

<7)^MtC|^bTffM2ftSGaNri>£^ h»Z)S#r 
-^n 4 cfcU^^^GaN^LD^HilLrv^, 

[0052] 3 (Dmmoynm^c a n^ldx 
its mio)mmommtmm, GaN3>^^M3, 

9#fl|»3*lT%K ^3SJB#f*neff tfGaN3>^^ 
K»«fcy*>**lrVZ)1?, U— tffflt&I nAl GaNg 
t£*tCi&o Rc<£ U£G\ K-/1> h 

s» Sot, FFP©aisMii m2{c^-t-cte>4® 
[0053] ^ 2 (Dmmmmtmm, i n g a 

NOTMQW^jV K/i 5 , 7 tt, MlfelnAlGaN 
C7)M QW?£t£Jf 6 (7)M»CffM-T <> FFP 
(Dimfttttf^4Eim4Z&&X$M&fi\ I nG a 
N0M Q W^V K» 5 , 7 ;WM<7>* ^oTfe PISHC 

watte mtifcmk(nG nN%LD%m&z:ttfx*& 
[0054] mzm^\zm^z*wmm±(»mfc<mz 



^tcoi ^T^-r So ^mnoym 1 t^h 3 oym&vm 

JBtCfeV I n A 1 G a N(7)MQWgf£Jf 6 <7>MfflX 
fi/fWK: I n G a N(7)MQW*V KS 5 , 7 £88*t34& 
a-tconTMHJil/fc. LfrU H5JC5%1-«fc-5k:, ?gt£ 
Jf (7)A 1 MATOotfitii^'/ KW^PWUC I 

10 [0 0 5 5] -Tifet)*), In, Gai-x N (0<x< 
1) ^*Sgft»^ In, Gai-y N (0<y< 

u x>y) frio&zm \?mtA<mmbzmf&2tif~ 

[0 0 5 6] H5T?tt, gffiftAM KitAWC^- 

Wtz^fc^DS. »tt»K:A 1 Mj&tf$£n 
20 *(7)#%SAVjN^vv^-lc{*^4^S^C 

[0057] H5tt, ioraasrifliarrsfc^ ug 

aNigftiiip-InGaN^V Kji^Cfn-I nGa 
N^KJBi(7)P^K:*n-FnAlx Gai-z N (OSz 
< 1 ) ^&£«S|g®£15ttfc<^c7)A> KflK&m 

s^itv^. zzxAiMzoxmzs mwfc&mt 

j$4 K^COI nffifigx, y (x>y) tCOjftta^^^?* 
30 31f|:^nS„ H5Cfe^TpSiat>*nMC7)^^^ K®^* 
GaN^^b4 > S^:S^ IWAlGaNlliiliiiln 
GaNAVKItGaN^5y h*»0)IBItCttWr *> A 

^o 

[0 0 5 8] pSifflCOA 1 G a N«WHM|'e« : ?-««S 
tt^^ibp-I nGaNAV K*lC*-^— 7D--^S 
nSfflOA 1 G a NSHKWS»-??iE7L/>< 
g#S^^n-I nGaN*V ^m^-A-yu-f 

40 t \M&lZ(,t, m^M t n fflatf P»InGaN 

KaiCDlBHC-ttl-PnA 1 G aNaSgB*g«S:ta 

fc«?>(7)*fl**f« i: & So 

[0059] ftioa steals, *mwv>w,50)$m(» 

Kimz^XWmtho H6{ot, H5IBAlGaNSW»g* 
1 5 RXf 1 7 ZtlZtl I n G a NWMQWfgtt 
^1 6tn-I nGaNAV KMl 4 iCOFa^ n 
G aN(7)MQWffl4i 1 6 p - I nG aN^"^ Kl 1 
50 8 tOlffiizm-ft-G aN^LDCD^Bfll^^^tlT^ 
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5. nG&KlJM WBoMJ&lt* In, Ga 

i-y N (0<y<l) CO^HT'ftjift^n^o 

[0060] a 6 fc^-rn 5 (nnmmmn G a L 

Dtt. p-InGaNAVK118i:p-GaN^7>v 

tSn-GaNta^D^^Il 9&IitHS. n- 
G a N«SE:/D *^fl9i4, pill 0 »J filAir& 
IE?L®5f£ft I n G a N<Z)MQWgtM»13£8MCfcl' * 

[006 1] p-GaN^7-vKl8i:p-InGaN 

kji 1 8 tcD^-Btt, m 6 roaamtc^-r a, b, 
«se^p '^ii9 rotate P - 

GaNlClS^StlS ! ba)"e{i&<» n-InGaNXIi 
n-Al GaN%fflHTfeI^. 
[006 2] ISyP'y^btn-InGaN&ffl 
V G a NtCtfcAiT A> K^rV V fiM^H t * 

fefib, I n G aN(7)MQWftt£Jf 1 6 GDU-lffttf-SB 

f#-5Zli:30^*S. ifen-AlGaN^^i&i: 
WU I n G a Nfrfc KJtatfSttJUcJt^TJB 

[00 6 3] z(D&o Kv-ifmtomt- k mm\j 

Xm-^- KCf -5 tragic, «75A lGaNf5f 
KJS iCftxT 0 6 (C^cfc O G a N >7 5 V KJf ft ffl ^ 

f f p/)<^*wbsnso^ Sffii(c*for«tt&i^z) 

£ H G a L D ft |#£ d <h &T*t* S. 
[0 0 6 4] &fe|26K:^GaN*LD<Dflli§{C*}lt 
nH0GaN>75^ KJftftt&dtiTfrt&tf, n 
-GaN^77>v KJi<7)!99Ittn-GaNn>if^ hM3 

[0 0 6 5] ®1> (!I3S.a : ll4{Cl30T«> 3(7)n- 
GaNrni/^ hjf 3ftn + fc-fScittCfcy nti» 
3>^^h»EI&IottM)^ H6c7)GaN£ 
LDfttn-I nGaNA'^ K»l 4 SriiSb— tf3t 

GaN3>*#hJf 3tC<fcUi»JR3*l<50re, Ctlftn 
+ ttS3t*<t-*4v^ Z\0)fzib, H6(7)n-GaN 

=i>ir#h»3i*Hi, H3^ll4icit^T3:<^ft 
5. 



[0 0 6 6] ZIOZliifrtbiSClIll, H3atfH4lc33 
HT, n + -GaN3>3!f h Jl 3 0)fU)O Cffl Mi - 
GaN3>^f MtG, n-GaN^5yh'lXttn 
-InAl GaNV^v KJf ftSl&trS £ Z. ttfBfrtl 
£>„ I6CJ30tp-GaN^7-V KI8(ip- 

InGaNtLt^<, *fcp-InGaN^Ki 
1 8Sp-GaNItltMo, 

[0 0 6 7] mzmHzm-3&. #fSBJ!<7)tl6CD*J£CQ 
^THBBW*. II 7 t^fll 6 ommcrfflmff) 
10 GaN^LDtt, f^D'V^il 9* ! p-I nGaN 
#4 KJf 1 8 ftilAT I n G a NWMQWgf*! 1 6 t 
n - I n G a N;tf>f KJf 1 4 i:<Z)#ffi{C SABS 
tCSixfcCttCl^aby&S. H7(7)GaN^LD 
iiAlGaNWlfl5, 17ftfifx, InGaN 
0>MQWgt£Ji 1 6 tC&A^fcS?- • IE?Ltf) I n G a 
4, 1 8^\(7)*-^--7D-ft(S*lhLTO 

'So 

[0 0 6 8] z.0)J:olzm&ML 6£>mm.WL-7u-y>7 
Ml 9lz£Vi±®<btitdffi5kiz-tix& ftteMl 6^co 

20 m&(DMM$m 5 oymmcDmmizit^x s <b \z%wm\<z 

[0 0 6 9] £<7)h£n-GaN^^;7P^Jf 

0)&.m.&Xt1rZ,z.£tfX£Z> o DWffigftiliWl 
«, InGa NtDMQWtmmiZ&AZtl&m? ■ IE?L 

GaNSLDCfint, InGaN^KlH, 18 

30 [0070] i^f, as 5 , me oy$mmmi£&& g 

^-GaN^LDCD$^mttftcD^fcUT-fe&„ * 
^7T>T7aaSl<7)±JCteStt«>»tLfcGaN^(7) 

g>mM&*i&&tZ>t-tb, GaNrW^rjf 2ftj?fcR 
!ISiSn-GaN3>^^M3, n-InGa 

Ntj^ K»l 4, Al GaNiH8Viil 5, InGa 

NfflMQW?Si4Sl6, AlGaNfifiin, p 

- I n GaN^ KJB 1 8 iTrl&R-tSo 
[0 0 7 1] ^iCn-GaNSStyn^^^ 1 9 ttm 
40 ftffcKU 3«*iSfii8!fS:ffli>T 

UEn-GaNta^py^Il 9<7)-ffiftp-I nG 

aN^ mi z\zm-$z>&xmRx.v3-yVh, 

9 ^c7)§BP^ftffMf6o 
[0 0 7 2] J5SiW»Cj:»J, Srfta*ffif*SMftaffi^ 

a ^^±tC p-GaN^7'y KiS 8 ftfiJcft-T ELk 
<7)G aN^#g«it(7)^ft(i±T 1 0 0 CCUTOTMO 
CVD (Metal-Organic Chemical Vapor Deposition) & 

50 [0 0 7 3] 8aE(7)GaN^LDtftiaSA 1 GaN^ 
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l 0 0 0°C^X±.om&M^'uo^-h^-ot- 0 1 0 0 

o npxtom^sk^it. p s k-a> h^Mg 

b>p-f<, I n G a N(7)MQWSttM 1 6 (D'PiZM g 
Vicnmm&l&M-frfttf I nWfgS&SSaCcl; y 4£'<b*r 

[0074] in 6 c^-rm 5 ammmmo) g a n^ l 

D^fct^T^ UllgllS^f tLTAl GaN£/5St:RL4 10 
Wl{£4£>4t^ SIKI^SS <7)mSff£i*5 0 nait 
ig^4H 1 0 0 O^XFfC&l ^fe-B?4tttg£ 

38»-r &a i Ga.Nmmmm&&m-z>z\ttfx-& 

ho 

[0 0 7 5] *fc»D^^IiLTAlGaNfeffl 
l^m&lZlZ, Al GaN«4UC«^£?f-t^#4U 

o-e, i o o Q°czxroM;&j&mz£ yMHro&Ktf # 

(DM 6 c^M^S^S GaN^L DOTSiStt, 35 5 

»C#'>CC*@iitt&£*>\ [5H*fC±T(Z)1#/55c£: 10 0 0 
X:&T<7){£&XBf&thZttfX£hmktf&ho 

[0 0 7 6] £7^ ^(^GaN^LD^ii^e)^ 
AlGaN^7^Ki*W^^ iKgI*14HCAl 

*^C7)G aN^L D*£-efcfciBiIfI4'{C A 1 

hzttfx^ho 

[0 0 7 7] WC|lI8^oS*||B^c7)^7C7)IISg(7^ 

iifP#<7)*7^£ftTO£„ H8(C^-TJ:e)iC, GaN 

l<b, InGaNWMQWfittfl6t, p-GaNA' 
-YKS2 3<h> p-^y K*2 4£:£#fr<hi^ In 
G a 16tp-Ga NtjV KI2 3t 
OimiZA 1 G a NCOMQWUPSIISf mm, Xl±A 1 G a N 

V, Stt®(C&A2;ft£«^-rop-GaN*H KJf 2 3 
^\CD;t-A-;7 P- &PM:-f& d tifina ho 

[0078] mmmmm^MQwmmtrn^ 40 
a 1 $mz^timm(DA 1 G&Nmzmmmmtir& 

J: U B (Multi-Quantum Barrier) OO'^tCj: U , 

m-ovm* 1 *bj*t?, *^4Pt^^ * y w< -r 

hZ.ttfX$<ho 

[0 0 7 9] £7c I nGaNWMQWgttJil 6lz£h 
Mfr(»%tktfA 1 G aN?H^PfMg^f^^i±§Ci:tC 
J:yaffnan*J»iby«*. ^tlnGaNgftil 

es\(Dm-&nwto)&.\fi^mz&z>o 4£>\ a 1 g a 

N/G a Nrt»«b **MQWaH«*S»S:KW htgr&lZb 



14 

Bi]f2MQW?fl!iP$g/f GaN,|L VOM\ f mJ£-<3M 

[0 0 8 0] £&*HmSW& I n G a NCOMQWIS 
ttJll 6<hn-GaN#Y KB 2 1 fcOWWRWC'bA 
H. £7c> H8£J3HTx >7^Kjf2 0, 2 4Htl 
■fnnfflatfpSI nu Alv Gai-u-v N (15u, 
v^0, lSu + vgO) friotehV^vVrntL, '> 
4 < i: t) P MRtf n {R'iCDt v?n*N£!inEtf W KM fcfifE 

•5tCbttSu, £(7)ftk SI5S:t>*ia8tC^-r#®«iS 
&3£#i:LT* £ft*T?a^Lfc«*0)*ii<7>G aN 
& l d 4 h z. t w x * h Z t it O O £. X 4 

[0 0 8 1] m*-&ffl3lZt5^X, InAlGa NCDM 

Qwimmetp-GaNp^y FmstcomizAi g 

aNOMQWXttA 1 G aN/G aN^«i4-5MQW^ 
MPtMe^^tS^t^trS^o ^clnAlGaNW 
MQWfgfSM 6 <b n— I nGa NCDMQWztf -Y KM 5 <h 
COraltCA 1 GaN?1§®||^lgg£12tt£3<h#-eS£o 

[0082] 4fc\ *mwit±m(Dnffi(mmizm£i* 
ti&zti$tn\ mtu*. mwmznmmmm^zis 

Ut> ^K15, 7^MQW«igtr*-5#^-Co^T 
BflDfbfcrt^ ^Ki5, 7te, I n|Hj5jttf«iMt£ft 
femSrol nGaNimi^%t^l.. 
*Jgc7)ff#lB^fc^T?SttMti InAlGa NC0MQW31 
« I n G a N60MQW^ii ^r*^ h t U TlftBJL fe^ 
I n G a A 1 N/GaNC0MQW3Z.«I nGaN/Ga 
NCOMQW«i£3Z.(im®(7) I nA 1 GaNT*feotfeI 

[0 0 8 3] £fr£X0>mffi(DftmiZj3^X, GaNl 
c7)#^*jittnM»^e5cft^-^±^ico^"C^L^ 

(DGeiN&LDZBl&ir&ZttfXg&o £f~l&MmM 
ltt7TJTfrb&&Wi&lZ^\,\XWmLr=.j)\ *7T 
-fTaHSLhCJit^GaN|Safcj*RU&%»<Z)^», GaN 

*^<7)gg^iM^L/4ni6H-e\ m*mzbxmm-f 

[0 0 8 4] 

WCfcftfcf. I n A 1 G aN, KJife I n 

GaN, KiSGaNXttI nAl GaNW 

ztiz&^x, v-vmizm&^m<nm%im 

££<7)X\ Ga.N^y9VVm\Zfttth%mUih&>$3k 

tm.'>h. v-v%H(dy ?F\znttz>%$mftifi*%- 

m±tir&zttfX£Z>o 

[0 0 8 5] &fz, \m^mWi(DA lGaN^yK 
motftib y C GaN^5'7 K* I n tirtWA 1 
M<tU^^I nAl GaN^7^Ki&ffltV Sfc 
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wrf^fl^iiLftv^nniEeftfriSMu aigen 

*7%±(Df&tl(D&i< >ffiiWffi&0)G aN^LD ZM&Z t 

[mi] mi(nnmm(nGaN&LD(Dmmm&%^ 
cm 2] w,i<j)mM<mma>G^&Lmz-&rtz,!m io 

ttCOFFP^^-THo 

[04] ^SCO^roJFMWGaNmLDWKTffi^ii^ 
^-T0, 

[05] mmmmzmx.z>G&-N&LD<7)fe&mftB 

[06] m 5 OymfeOWmmG a L Dc7)Sff®^^ 
^■T0o 

[07] ^6^5g(7)m^GaN^LD<7)»Tffi«3g^ 20 
SVT0. 

[08] ^7WllJgc7)m^GaN^LDc7)fett«jeei 
tCfeHt.g>»Tffi«ii$r^-r0e 

[09] tBfr75GaNmLD(C&tt&#iii|tt<7)FFP& 
^■^0o 

[010] ^OOGaN^LD^fcWS^ii^ttCONFP 

[01 1] ^<Z)GaN^LDfC^S#^CDNFP 
^-r^^a-Iy-$/3>0„ 

[012] «®GaNSLDi:WI>^7y K^tf)j¥ 30 

0o 

[013] '<£&(7)G aN&LDlZ&tf&fM K» • 



0, 

2- GaN;^-y77l 

3- n + -GaN^i/^ bM 

4- n-GaN^7>y KS 

5 •■• n — I nGa NffiMQWjj^ Kg 

6- 1 nAl GaN©MQW)Si41 

7- p-InGaNroMQWAM KJi 

8- p-GaN^5«; K* 

9 — p + -GaN3>^>7 hJ| 

1 O-pW 

1 

1 2 — n-I nAl GaN^7>^ b'S 
1 3 — p-I nAl GaN^y b*M 
1 4-n-InGaNiJ^ KJf 
1 5, 1 7-AlGaNJWWWH 
1 6 — 1 nGaNCDMQWfgttif 
1 8-p-I nGaNijV KS 

1 9-n-GaNlI^P'yi'I 

2 0 — n-^y KflP 

2 1-n-GaN^ KJf 

2 2 -A 1 GaN<7)MQW5lteAl G a N/G a NCOM 

2 3-p-GaN^ KM 
2 4-p-'?7 , y K® 
neff — SBMWf* 
ni — ffif£B<Z)®8T* 

n 2 Fsanmrm 

n 3 — K»COS#f* 
n4 —ziy&9 bfBCDB&X^ 



[03] 



[04] 



2-: 



I- 



10 



r — i<f ^ ^ ^ ^ ^ ^ 1 ■■ i 


^InAlGaNMQW >5ttJ8 


p_GoN C7^«yKB 


n-InGoN MGWflYKfi 


n- GaN <?3"J K/g 






0-GoN=»5^>NI 







9a 



13- ■ p-InAIGoN 93*J\<m 
7- P-InGaN MOW *j7s« 

64~ 

5 



10 / pl8S 



Q-lo6qNMQW#YNB 



n -GoN hlS 



f2-- n -In AiGoN <75 ^ SS 
3- 

r 



V-GaNZJVS'CNi 
.InAXGaN MOW »ttff 

/it 

ISSSWSSS^L 



(10) 



[01] 



[02] 



8-. p-GaN-^uK® 



7- 4 P-InGoN MQW^KS 

6- 



JO ,p«» 

1 ^ZZZZZ^Z 1_ p t GoN z^ni 



n~lnGaN MOWtf-TS® 



4 — n -GaN C7"P*^KB 
3-' n*-GaN □>5>'7MB 



<fn AiGaN MOW SttJB 



,11 W 



GaN /vjOj»B 




[05] 



[06] 



-AiGaN 



AiGaN 



n-In6aN jnGa N p-InGaN 



07] 




p* GaN D>5CWB 

n-GoN MOT*?fi 
p-InGoN #-f KB 

-19 

nGaN MQW 
n-InGcN#-<KB , n j 

ES^SS SS ski 



II 



GoN rtvztrm 



15, I7:A^G0N »Bt»SS 



-Ev 



84 p-GaN?^KB 
19 



p - In GaN 7J-< KB 



18. 
17- 

I6 H- In GoN MQWjStfcB 

15- ~ 



14 

3' 



10 



ZZZZZZ3 ^ p ^_ GqN KB 
GaN «3R^a^C?® 



n-InGaNTJYKB 



n-GaNZ)V5><7KB 



-A/ GaN 

_ J) 

NVWW 



GaNM'^PB 



[08] 



24^.. 



20-- 



p- o^v^m 



p-GaNfl-TKB 

22- 
16- 

2H- 



In GaN MOW SttB 



n-GaNff-fKB 



^AZGaN MOW, 
XaAiGaN/GaN MOW 

®sk@£B 
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[09] 



[HI 0] 



25 26 27 ,2p9 ^30 pi |3: 





2Q: rv-AfcGoN 
25: n-GoN 



[HI 1] 




2 

K 

I 

(Jim) 



Q06 



[Ell 2] 



L 




= 2kA/cm 2 
0.6 



#33 \s 



0.55 
0.5 
0.4 5 
0.4 
0.3 5 



-30 -20 HO 



JO 20 30 



0.1 0.15 



018 



8 (deg) 
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(72) wm mm mm cws&m 'MB* jew 



